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(57) ABSTRACT

A surface mount device-type low-profile oscillator is pro-
vided. A main surface of an IC chip unit is joined to a bottom
surface where the external terminals of a crystal unit section
are formed. An integrated circuit portion includes a circuit
forming, together with the crystal unit of the crystal unit
section, an oscillator circuit on the main surface of the IC chip
unit, and IC terminals formed with a plurality of IC electrode
terminals, and two connection terminals connecting the exter-
nal terminals of the crystal unit section are provided. The IC
electrode terminals and mounting terminals are electrically
connected with electrical columns provided in via holes pen-
etrating in the direction of thickness of a silicon plate of a bare
chip. The crystal unit section and the IC chip unit are joined
with an anisotropic conductive adhesive applied to the main
surface of the IC chip unit.

12 Claims, 13 Drawing Sheets




U.S. Patent Sep. 15, 2015 Sheet 1 of 13 US 9,136,821 B2

1
21 32 32 /
\ \ \

\ \ i
-2

7 YL a

KT oA ol 7p0P S GRS OO B A0 ot blslortrs &
31— S 31
1.3




U.S. Patent

Sep. 15, 2015

Sheet 2 of 13

/]

\

FIG. 2B

\

US 9,136,821 B2

2b

21



U.S. Patent Sep. 15, 2015 Sheet 3 of 13 US 9,136,821 B2

/ | e
S [y
| ]
FIG. 3A
) 31y J% Z [/SA,
4;/ ”14/, /;Lé:/i ,4/ﬂ
FIG. 3B
.
s R =

3

7

FIG. 3C




U.S. Patent

Sep. 15, 2015

Sheet 4 of 13

Tl -21b

US 9,136,821 B2



U.S. Patent Sep. 15, 2015 Sheet 5 of 13 US 9,136,821 B2

INTEGRATED CIRCUIT L— 30

i FIG. 5A .
A
L it

7 TS
FIG. 5B

/ i

= B =

N B =

FIG. 5C




275/

7
oS p S,
//11/,,,, R
7 7 //, A
7 I//I//, f !
/// ey }
21b L«
/
4

yd
“ ’213
////,,,
////,,,//,
/////,, g
////,,,/’
LAV X

/

Ob
21 ob 2

FIG. 6A

20a |

20b—

1
21b—. 1




U.S. Patent

7z /|
T,
21& // ’” //,///’///4//,,’/// ’
/////,,,,

~]

'\( Z

21a

Sep. 15, 2015 Sheet 7 of 13

2
20a 2
20 c

US 9,136,821 B2

s 7
// //>
TRy rll’ il §
Lo, ¢

- 21b

o,
/////,,,,,
ARy 2V

/////,/, //I‘,//,//,/I
,///// 4 L2l o

S . =

2
51  20b 2b

FIG. 7A

1

21b

L 2a




U.S. Patent Sep. 15, 2015 Sheet 8 of 13 US 9,136,821 B2
21 _ 2 a—
( (a—1) ( _______ ( . 2)
] i
FIG. 8A
b~ 21
| L |
} (a—3) ! 2
A2
| T
| 21
81 g - Y (b—2) T -
) % - ¥ ]
O o] ™2 d ‘
6 00 ] Oio\~6 6;0_
| .
X — —eoo—[j—-mﬁe(‘ge- +-X fo
- ,
S
31 6
\é@sz (b—3) 06/631
X ea : : X
~ b3 FIG. 8B
A — S
13 4
61 21 32 7 61
[ 1 7 ! /
L)) ] 2
/ S R . FIG 8C
N L
/T N
4



U.S. Patent Sep. 15, 2015 Sheet 9 of 13 US 9,136,821 B2
21 _ 2 .
( (a—1) (! ( 2)
Y i
FIG. 9A
L 21
| L 5
: (a—3) ; 2
A~2
i 5
a SIN
i 81 35 (b—1) Y i (b—2) Y (-4
! 1 i | I Y {
) f 1 3 | )
81T ~1+© C(%\M_Bm‘h{:
| s
X — —@——EL—-—«EL@—--——«—X g
T N1 ‘
¥ DI )
3l 8 32 8
\i { (b-3) L
X = A oFRA Ly
I~ s FIG. 9B
A &
13 A
81 2[1 32 7 8{1
N
e ol - FIG 9C
N
31/ 2 13



U.S. Patent Sep. 15, 2015 Sheet 10 of 13 US 9,136,821 B2

2{ (a—1) (! ( a—2)
) |
i
FIG. 10A
L~ 21
________ I
! | )
i (a—3) 2
42
l S
E 21 |
% 81 32 (b—1) T s/aé (b—2) 7, (b—4)
R )

9/

[ e

&

|

| 3
x—- Lol —Oé] -+« J

|

4

¥« FIG 10B

b L




U.S. Patent

Sep. 15, 2015

Sheet 11 of 13

US 9,136,821 B2

2(1 (a—1) ’f (a—2)
% 27/ 10
o | P FIG 1A
\/\—/21
________ , B3~-10
! : )
i (a—3) ; 2
A~—2
110 10 21 10;
| 81 g2 -1) Y (b—2) % (-4
) [E I ]
8~1© O|o1te r
| 8 |
| 81
x— 1@k —EH & 4-x 4
o 8] ? ,
. Y
Y :5», 4 (Z
31 8 8
N E b2 ] 831
! . ! ! X
™ 3 FIG. 11B
AW
13 4
10 8\‘! 2{1 (;2 110 8I1
2
Al ) I
/ *\m | FIG. 11C
' ASE

)

31



U.S. Patent Sep. 15, 2015 Sheet 12 of 13

15 (2 2N [ T, T VL yara
27 Aaé‘lii%g"a 838%0 W8 o b7 e SEES I FF S

31— —31
43
[ \
4 14 13 \ 13 14 4
5

FIG. 12

~

US 9,136,821 B2



U.S. Patent Sep. 15, 2015 Sheet 13 of 13 US 9,136,821 B2

S=—

[

3A

FIG. 14A

L]
oogd

>
N e S

A
[}
oo 5
ZzzzEe-
3A DIVIDED
1 ~3

! !
| | :
| |
o i FIG. 14C
| ‘o l

FIG. 14B



US 9,136,821 B2

1
SURFACE MOUNT DEVICE-TYPE
LOW-PROFILE OSCILLATOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Japanese
application serial no. 2013-019706, filed on Feb. 4, 2013,
Japanese application no. 2013-197010, filed on Sep. 24,
2013, and Japanese application no. 2013-247998, filed on
Now. 29, 2013. The entirety of each of the above-mentioned
patent applications is hereby incorporated by reference herein
and made a part of specification.

TECHNICAL FIELD

The present invention relates to an oscillator, and more
particularly to a surface mount device-type low-profile oscil-
lator in which a crystal unit section and an IC chip unit
forming an oscillator circuit together with such a crystal unit
section are integrally formed to achieve a low profile and a
small size.

DESCRIPTION OF THE RELATED ART

Since a surface mount device-type oscillator is small and
lightweight, it is built in as a reference source of a frequency
and time in portable electronic equipment where a typical
example of which is a high-performance mobile telephone
(so-called smartphone). The oscillator described above is
comprised of a crystal unit section holding a crystal unit or a
resonator (hereinafter referred to as a crystal unit) and an IC
chip. In the IC chip, an oscillator circuit portion forming an
oscillator circuit, a buffer circuit portion and the like are
integrated together with the crystal unit. Depending on the
type of oscillator, a temperature compensation circuit or a
temperature control circuit and a circuit or a mechanism, such
as a constant temperature mechanism, necessary to enhance
the function of the oscillator are integrated thereinto. Then, an
oscillation portion and the IC chip are installed in a common
package as a single electronic component.

Inan IC chip, a chip (hereinafter referred to an IC bare chip
or simply referred to as a bare chip) sliced out from a wafer is
directly connected as a single unit to a crystal unit section,
thus the reduction in the size and profile of an oscillator is
enhanced. As a common method of mounting an IC bare chip,
flip-chip mounting (FCB) is known. In the flip-chip mount-
ing, a plurality of bumps (terminals, IC terminals) provided
on the integrated circuit portion formation surface of a silicon
substrate of the IC bare chip are arranged opposite to a plu-
rality of substrate electrodes provided in the corresponding
positions of a circuit substrate and are made to face down-
ward, and are connected collectively with solder or the like.
Then, in general, an underfill resin is made to flow in between
the mounted bare chip and the circuit substrate, thus the
mechanical strength of the oscillator is acquired.

As a mounting technology related to the mounting tech-
nology of the IC bare chip in the technical field of the oscil-
lator according to the present invention, for example, there is
a mounting technology used in a crystal oscillator that is
disclosed in patent document 1 (see Japanese Laid-Open
Patent Publication No. 2012-85101). In the crystal oscillator
utilized in this mounting technology, an external terminal
provided on the bottom side wall of a crystal unit is connected
integrally to a connection terminal (IC terminal) provided
around the periphery of the integrated circuit portion surface
of a silicon substrate of the IC bare chip. With respect to a
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2

mounting terminal for mounting on a circuit substrate or the
like, a notch (castellation) is provided in the side surface of
the silicon substrate, and with an electrode (side surface elec-
trode) formed in this notch, an electrode pad provided on the
integrated circuit surface of the silicon substrate and the
mounting terminal provided in the bottom surface (i.e. the
opposite surface to the crystal unit section) are connected.

In a piezoelectric device disclosed in patent document 2
(Japanese Laid-Open Patent Publication No. 2009-60452), a
reverse mesa crystal unit section formed by etching process-
ing from a crystal substrate and an IC chip are arranged on the
back surface of the reverse mesa crystal unit section. An
external terminal provided in the bottom surface of the sub-
strate portion of the crystal unit section and a side surface
electrode provided in the side wall of the IC chip are con-
nected with a conductive junction material provided in the
side wall of the crystal unit section, thus electrical connection
and mechanical junction are performed on both the compo-
nents.

A mounting technology in which an IC terminal provided
in the integrated circuit formation surface of a silicon sub-
strate and a mounting terminal provided in the back surface
(i.e. the opposite surface to the integrated circuit formation
surface) of the silicon substrate are connected through an
electrode column embedded in a via hole formed in the
periphery of the silicon substrate is disclosed in patent docu-
ment 3 (see Japanese Laid-Open Patent Publication No.
2004-179734).

SUMMARY

In some of the conventional technologies, a plurality of
through holes (penetration holes) forming electrical conduc-
tive portions for electrically connecting a crystal unit or a
crystal unit section (such as a crystal unit) and an IC terminal
provided in the main surface (the integrated circuit formation
surface) of an IC chip or an IC bare chip are provided in the
boundaries of the individual IC pieces of a silicon substrate,
and divided into the individual pieces is performed along
lines passing through the centers of the through holes. For
such dividing processing, an extremely accurate dicing
operation is required. When the electrical conductive portions
between the crystal unit or the like and the IC bare chip or the
like are connected with through electrodes provided around
the silicon substrate to achieve a low profile, since the silicon
substrate is divided at the center of the through electrodes, a
highly accurate operation is required.

Moreover, in some of the conventional technologies, the
silicon substrate of an IC bare chip and a glass cover form a
space for holding a crystal unit, and the connection of the
external terminal of the crystal unit and the crystal connection
terminal of the silicon substrate and the connection of the IC
terminal of an integrated circuit provided in an IC chip and a
mounting terminal are performed with connection electrodes
formed in via holes provided in the silicon substrate. How-
ever, in such technologies, the via holes are likely to degrade
the rigidity of a container.

Furthermore, in a technology in which, when an IC chip or
an IC bare chip having an oscillator circuit and the like inte-
grated in a crystal unit section of crystal and the like is joined,
connection electrodes or the like are provided in their side
walls, even if a low profile is achieved, the mounting occu-
pation area (foot print) thereof is increased.

Thus, a need exists for providing a surface mount device-
type low-profile and low-mounting occupation area oscillator
in which a crystal unit section and an IC bare chip (IC chip
unit) are overlaid on each other and are joined, in which a low



US 9,136,821 B2

3

profile and a high rigidity are acquired without any increase in
the mounting occupation area. The oscillator mentioned
herein is not limited to a simple oscillator but includes elec-
tronic components in a broad sense, such as oscillators
(TCXO, OCXO and the like) having a temperature compen-
sation circuit, a temperature control mechanism or the like or
resonator, and oscillators utilizing a crystal unit which uti-
lizes mechanical vibration such as a component made by
MEMS to output a predetermined frequency.

To satisfy the above need, the present invention has the
following means. Specifically, according to an aspect of the
present invention, there is provided a surface mount device-
type low-profile oscillator in which a crystal unit section and
an IC chip unit are integral. The crystal unit section hermeti-
cally seals a crystal unit therein, and includes, on an external
surface, an insulation container provided with an external
terminal for acquiring an oscillation output of the crystal unit.
The IC chip unit is a bare chip, and includes, on a surface of
the IC chip unit facing to the external terminal provided in the
crystal unit section of the bare chip, an integrated circuit
portion that forms an oscillator circuit together with the crys-
tal unit and a crystal unit connection terminal connected to the
external terminal of the crystal unit section. The external
terminal between a formation surface of the external terminal
provided in the insulation container of the crystal unit section
and the surface of the IC chip unit facing to the external
terminal and a part of the surface of the IC chip unit facing to
the crystal unit connection terminal are connected through the
crystal unit connection terminal, and an area between the
external terminal and a part of the surface of the IC chip unit
not facing to the crystal unit connection terminal is directly
adhered with an adhesive.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, between the
formation surface of the external terminal provided in the
insulation container of the crystal unit section and the one
surface of the IC chip unit, an anisotropic conductive adhesive
formed of a solder particle containing thermosetting resin is
interposed therein. The external terminal of the crystal unit
and the part of the surface of the IC chip unit facing to the
crystal unit connection terminal of the IC chip unit are
directly joined by melting and curing of the solder particles.
The external terminal and the part of the surface ofthe IC chip
unit not facing to the crystal unit connection terminal are
directly adhered by melting and curing of the thermosetting
resin.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the external
terminal of the crystal unit section and the part of the surface
of the IC chip unit facing to the crystal unit connection ter-
minal of the IC chip unit are directly joined by melting and
curing of a high temperature solder, and the external terminal
and the part of the surface of the IC chip unit not facing to the
crystal unit connection tenninal are directly adhered by melt-
ing and curing of the thermosetting resin.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, a gold
plated pad is provided on the external terminal provided in the
insulation container of the crystal unit section, and a gold stud
bump on gold plating is provided in the crystal unit connec-
tion terminal of the IC chip unit. The external terminal and the
part of the surface of the IC chip unit facing to the crystal unit
connection terminal are joined by gold-gold flip-chip bond-
ing (FCB) made between the gold plated pad of the external
terminal and the gold stud bump. The external terminal and
the part of the surface of the IC chip unit not facing to the
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crystal unit connection terminal are directly adhered by melt-
ing and curing of the thermosetting resin.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, a gold
plated pad is provided on the external terminal provided in the
insulation container of the crystal unit section, and a solder
bump obtained by placing solder on gold plating is provided
in the crystal unit connection terminal of the IC chip unit. The
external terminal and the part of the surface of the IC chip unit
facing to the crystal unit connection terminal are joined by the
gold plated pad of the external tenninal and the solder bump
of'the crystal unit connection terminal. The external terminal
and the part of the surface of the IC chip unit not facing to the
crystal unit connection terminal are directly adhered by melt-
ing and curing of the thermosetting resin.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the insula-
tion container of the crystal unit section is formed with a
bottom plate, a lid plate and a crystal unit formation plate
sandwiched between the bottom plate and the lid plate after
formation of the crystal unit. The external terminal is pro-
vided on a bottom surface that is an opposite surface of the
bottom plate to the crystal unit formation plate.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the bottom
plate, the lid plate and the crystal unit formation plate of the
hermetically sealed insulation container are formed with a
blank. The crystal unit formed on the crystal unit formation
plate is a reverse mesa type obtained by processing the blank.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the crystal
unit section is formed with the insulation container of
ceramic, the crystal unit held within a concave portion pro-
vided in the insulation container and a plate-shaped metallic
lid plate that hermetically seals the concave portion. The
external terminal is provided on a bottom surface that is an
opposite surface of the main body container to the metallic
cover.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the crystal
unit section is formed with a bottom plate of glass, a crystal
unit formation plate obtained by processing a crystal unit part
to form a reverse mesa type and a glass lid plate that is a glass
plate which seals the crystal unit formed on the crystal unit
formation plate together with the bottom plate. The external
terminal is provided on a bottom surface that is an opposite
surface of the bottom plate to the glass lid plate.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the crystal
unit section is formed with a bottom plate of silicon, a crystal
unit formation plate obtained by processing a crystal unit part
to form a reverse mesa type and a silicon lid plate that is a
silicon plate which seals the crystal unit formed on the crystal
unit formation plate together with the bottom plate. The exter-
nal terminal is provided on a bottom surface that is an oppo-
site surface of the main body container to the silicon lid plate.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, an inte-
grated circuit portion forming the oscillator circuit of the IC
chip unit includes a temperature compensation circuit, a tem-
perature control circuit or a constant temperature mechanism.

According to an aspect of the present invention, in the
surface mount device-type low-profile oscillator, the amount
of a thermosetting resin provided between the crystal unit
section and the IC chip unit is enough to fill a gap with the IC
chip unit at a time of joining to the IC chip unit.
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According to an aspect of the present invention, the crystal
unit section holds the crystal unit within the hermetically
sealed insulation container, and has, on the bottom surface of
the hermetically sealed insulation container, at least two
external terminals for connecting an oscillation output of the
crystal unit to the IC chip unit. As the external terminals, four
or more terminals including a dummy terminal for providing
a balance of joining with the IC chip unit are provided.

According to an aspect of the present invention, as
described above, the IC chip unit is a bare chip cut from a
semiconductor wafer that has been subjected to integration
processing.

According to an aspect of the present invention, on the
main surface ofthe IC chip unit opposite to the bottom surface
of the crystal unit section, the integrated circuit portion that
integrates an oscillator configuration circuit including the
oscillator circuit together with the crystal unit and the IC
terminals formed with a plurality of IC electrode terminals
and at least two crystal connection terminals connected to the
external terminals of the crystal unit section are provided.

According to an aspect of the present invention, on the
opposite surface of the IC chip unit to the crystal unit section,
a plurality of mounting teiininals for mounting on an appli-
cable device are provided.

According to an aspect of the present invention, the termi-
nals (IC electrode terminals) connected to the mounting ter-
minals among a plurality of IC terminals in the IC chip unit
are connected through the electrode columns provided in the
via holes penetrating in the direction of thickness of a semi-
conductor substrate.

According to an aspect of the present invention, the bottom
surface of the hermitically sealed insulation container of the
crystal unit section and the terminal foimation surface (main
surface) of the IC chip unit are joined with the anisotropic
conductive adhesive formed of a thermosetting resin contain-
ing solder particles (solder containing thermosetting resin).

According to an aspect of the present invention, the exter-
nal terminals and the IC electrode terminals connected to the
mounting terminals among the IC terminals are electrically
connected by melting and curing of the solder particles of the
anisotropic conductive adhesive.

According to an aspect of the present invention, the exter-
nal terminals provided on the bottom surface of the hermeti-
cally sealed insulation container of the crystal unit section
and the IC connection terminals provided on the terminal
formation surface of the IC chip unit are joined with a high
temperature solder. It is possible to fill, with an adhesive of
thermosetting resin, the gap fowled between the bottom sur-
face of the hermetically sealed insulation container of the
crystal unit section and the terminal formation surface of the
IC chip unit.

According to an aspect of the present invention, the gold
plated pad on the external terminal provided on the bottom
surface of the hermetically sealed insulation container of the
crystal unit section and the stud bump formed on the gold
plating formed on the IC connection terminal provided on the
connection terminal formation surface of the IC chip unit are
joined by gold-gold FCB connection. With the adhesive of
thermosetting resin, the gap formed between the bottom sur-
face of the hermetically sealed insulation container of the
crystal unit section and the terminal formation surface of the
IC chip unit is filled.

According to an aspect of the present invention, the exter-
nal terminal provided on the bottom surface of the hermeti-
cally sealed insulation container of the crystal unit section
and the IC connection terminal provided on the terminal
formation surface of the IC chip unit are joined by solder

20

30

40

45

55

6

bumps formed on the gold pad on the external terminal and
the gold plating on the IC connection terminal provided on the
terminal formation surface of the IC chip unit. With the adhe-
sive of thermosetting resin, the gap formed between the bot-
tom surface of the hermetically sealed insulation container of
the crystal unit section and the terminal formation surface of
the IC chip unit is filled.

According to an aspect of the present invention, on the
entire surface except for the upper surface of the external
terminal provided on the bottom surface of the hermetically
sealed insulation container of the crystal unit section, an
insulation film can be formed to have such a thickness that at
the time of joining to the IC chip unit, a sufficient amount
filling the gap with the IC chip unit is provided.

According to an aspect of the present invention, the her-
metically sealed insulation container of the crystal unit sec-
tion is formed with a bottom plate, alid plate and a crystal unit
formation plate sandwiched between the bottom plate and the
lid plate, and the external terminal can be provided on a
bottom surface that is an opposite surface of the bottom plate
to the crystal unit formation plate.

According to an aspect of the present invention, the bottom
plate and the lid plate are formed with a blank, and the crystal
unit formed on the crystal unit formation plate can be a
reverse mesa type obtained by processing the blank.

According to an aspect of the present invention, the crystal
unit section is formed with the main body container of
ceramic, the crystal unit held within a concave portion pro-
vided in the main body container and a metallic plate cover
that hermetically seals the concave portion. The external ter-
minal can be provided on a bottom surface that is an opposite
surface of the main body container to the metallic plate cover.

According to an aspect of the present invention, the crystal
unit section is formed with the main body container of glass,
the crystal unit held in the concave portion provided in the
main body container and a cover of glass hermetically sealing
the concave portion. The external terminal can be provided on
a bottom surface that is an opposite surface of the main body
container to the cover of the glass.

According to an aspect of the present invention, the crystal
unit section is formed with the main body container formed of
silicon, the crystal unit held within a concave portion pro-
vided in the main body container and a cover formed of
silicon hermetically sealing the portion. The external terminal
can be provided on a bottom surface that is an opposite
surface of the main body container to the cover formed of
silicon.

According to an aspect of the present invention, the IC chip
unit can include a temperature compensation circuit, a tem-
perature control circuit or a constant temperature mechanism.

According to an aspect of the present invention, the crystal
unit can be any one of a crystal unit, a crystal unit formed of
piezoelectric material other than crystal, a comb-shaped elec-
trode (IDT) and a component formed by a micro-electro-
mechanical system (MEMS).

According to an aspect of the present invention, although it
is necessary to provide at least two external terminals of the
crystal unit section so that an oscillation signal output is
connected to the IC chip unit, when the crystal unit section
includes a cover formed of conductive material, the cover is
used as the external terminal for connecting a ground poten-
tial, and one more external terminal can be provided.

According to an aspect of the present invention, in the case
of'a 2-port resonator formed with the IDT, two more external
terminals are provided. In the case of a silicon MEMS reso-
nator, in addition to the external terminal for the oscillation
signal output, as a bias terminal or a third external terminal,
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one more external terminal is provided. The connection ter-
minals for the IC chip unit are also provided according to the
number of external terminals of the crystal unit section and
the arrangement thereof.

In the following descriptions, for simplifying description
of this disclosure in the present application, the number of
external terminals of the crystal unit section is assumed to be
two as shown in drawings such as FIGS. 2A-2B and 3A-3C.

Needless to say, in this disclosure, various variations are
possible without departing from the technical aspect of the
disclosure in the scope of claims in the present application.

According to the surface mount device-type low-profile
oscillator configured as described above, it is possible to
provide with a surface mount device-type low-profile oscil-
lator that maintains a low profile and a high rigidity without
any increase in its mounting occupation area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1B are diagrams illustrating a first embodiment
of a surface mount device-type low-profile oscillator dis-
closed herein.

FIGS. 2A-2B are diagrams illustrating a crystal unit sec-
tion applied to the first embodiment of the surface mount
device-type low-profile oscillator disclosed herein.

FIGS. 3A-3C are diagrams illustrating an IC chip unit
applied to the first embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIGS. 4A-4C are diagrams illustrating a crystal unit sec-
tion applied to a second embodiment of the surface mount
device-type low-profile oscillator disclosed herein.

FIGS. 5A-5C are diagrams illustrating an IC chip unit
applied to a third embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIGS. 6A-6B are diagrams illustrating a crystal unit sec-
tion applied to a fourth embodiment of the surface mount
device-type low-profile oscillator disclosed herein.

FIGS. 7A-7B are diagrams illustrating a crystal unit sec-
tion applied to a fifth embodiment of the surface mount
device-type low-profile oscillator disclosed herein.

FIGS. 8A-8C are diagrams illustrating an IC chip unit
applied to a sixth embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIGS. 9A-9C are diagrams illustrating an IC chip unit
applied to a seventh embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIGS. 10A-10C are diagrams illustrating an IC chip unit
applied to an eighth embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIGS. 11A-11C are diagrams illustrating an IC chip unit
applied to a ninth embodiment of the surface mount device-
type low-profile oscillator disclosed herein.

FIG. 12 is a diagram illustrating a tenth embodiment of the
surface mount device-type low-profile oscillator disclosed
herein.

FIG. 13 is a diagram illustrating an eleventh embodiment
of the surface mount device-type low-profile oscillator dis-
closed herein.

FIGS. 14A-14C are schematic diagrams illustrating, in the
illustration of a method for mounting the individually divided
crystal unit section in a state of a wafer before being divided
into an IC bare chip and thereafter stacking and joining the
crystal unit section and the IC chip unit dividing the wafer, the
former process.

DETAILED DESCRIPTION

Embodiments disclosed here will be described below with
reference to the attached drawings.
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[First Embodiment]

FIGS. 1A-1B are diagrams illustrating a first embodiment
of a surface mount device-type low-profile oscillator dis-
closed here. FIG. 1A is a diagram showing a state before a
crystalunit section and an IC chip unit are joined, and FIG. 1B
shows a state after the joining. In the first embodiment, as the
crystal unit section 2, a reverse mesa crystal unit in which a
container main body and a crystal unit are all configured with
a crystal unit formation plate (also simply referred to as a
blank) is used. The IC chip unit 3 is an IC bare chip. FIGS.
2A-2B is the crystal unit of FIGS. 1A-1B, and are diagrams
illustrating the crystal unit section formed with the reverse
mesa crystal unit. FIGS. 3A-3B are diagrams illustrating the
IC chip unit of FIGS. 1 1A-1B; FIG. 3A is a plan view of the
IC chip unit 3 on the side of the crystal unit section, FIG. 3B
is a sectional drawing taken along line A-A' of FIG. 3A, and
FIG. 3C is a plan view of the IC chip unit 3 on the side of a
mounting terminal.

The first embodiment of the surface mount device-type
low-profile oscillator disclosed here will be described with
reference to FIGS. 1A-1B, 2A-2B and 3A-3C. The surface
mount device-type low-profile oscillator of the present
embodiment (hereinafter also simply referred to as an oscil-
lator) symbol 2 of FIG. 1A is a crystal unit section, and the
crystalunit 20 of this crystal unit section has, as shown in FIG.
2A, a reverse mesa oscillation portion formed by etching
processing on the blank, and has a crystal frame surrounding
thereof. The crystal frame of the crystal unit 2a is sandwiched
between the bottom plate 26 of the blank and lid plate 2¢ of the
blank, and thus the container main body is formed. In other
words, this crystal unit section 2 is an all crystal type. The IC
chip unit 3 is a bare chip that will be described with reference
to FIGS. 3A-3C.

As shown in FIG. 1A, the main surface that is an integrated
circuit portion formation surface of the IC chip unit 3 is joined
to the bottom surface where the external terminals 21 of the
crystal unit section 2 are formed. The joined state is shown in
FIG. 1B. The IC chip unit 3, which is a bare chip, includes, on
its main surface, an integrated circuit portion (IC circuit pat-
tern) where an oscillator configuration circuit including a
circuit forming an oscillator circuit together with the crystal
unit of the crystal unit section 2 is integrated and IC terminals
formed with a plurality of IC electrode terminals 32 and two
crystal connection terminals 31 connected to the external
terminals 21 of the crystal unit section 2.

On the back surface (i.e. the opposite surface to the main
surface, the mounting surface) of the IC chip unit 3, a plurality
of mounting terminals 4 are provided. The IC electrode ter-
minals 32 on the main surface and the mounting terminals 4
on the back surface are electrically connected with electrode
columns (also referred to as through electrodes) 14 provided
in the via holes 13 that penetrate in a direction of thickness of
the silicon plate of the bare chip. The crystal unit section 2 and
the IC chip unit 3 are joined together with an anisotropic
conductive adhesive 5 made of thermosetting resin (i.e. solder
containing thermosetting resin) such as an epoxy resin con-
taining solder particles applied to the main surface of the IC
chip unit 3 (or the back surface of the crystal unit section 2).

FIG. 1B shows a state where the crystal unit section 2 and
the IC chip unit 3 are joined together with the anisotropic
conductive adhesive 5. The anisotropic conductive adhesive 5
is applied between the crystal unit section 2 and the IC chip
unit 3, thereafter the solder particles are melted with a heating
means such as a pulse heat unit and is cured and thus the
external terminals 21 of the crystal unit section 2 and the
crystal connection terminals 31 of the IC chip unit 3 are
connected with solder. At the same time, both the external
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terminal 21 and the crystal connection terminal 31 are joined
by the melting and curing of the thermosetting resin (e.g. the
solder containing thermosetting resin) of the anisotropic con-
ductive adhesive 5, and the cured thermosetting resin flows
into the gap between both to fill the gap, with result that a
mechanical joining is achieved as a whole.

The crystal unit section 2 of the present embodiment has a
structure shown in FIGS. 2A-2B. Specifically, this crystal
unit section 2 is formed, as shown in FIG. 2A, with a stacked
member consisting of the crystal unit 20 that is the oscillation
portion (oscillation part), the base portion 2a of the crystal
unit 20 and the bottom plate 26 and the lid plate 2¢ between
which the base portion (frame) 2a of the crystal unit 20 is
sandwiched. The crystal unit 20 is made by forming, through
evaporation or sputtering, thin-film excitation electrodes 20a
and 205 on the front and back of the oscillation part (mesa
oscillation part) obtained by performing etching processing
on the cantilever blank. The excitation electrodes 204 and 205
are connected to a pair of external terminals 21 provided on
the side of a short side of the bottom plate with connection
electrodes 21a and 215 formed between the layer between the
base portion 2a and the lid plate 2¢ and the layer between the
base portion 2a and the bottom plate 25. As shownin FIG. 2B,
the external terminals 21 are formed in one diagonal region of
the bottom plate 25 of the crystal unit section 2, as a thin
electrode, by surface mounting. In the other diagonal region
of the bottom plate 25, an electrode similar to the external
terminals 21 is also formed as a dummy or a crystal unit
inspection terminal, and thus the thickness may be made
uniform.

The IC chip unit 3 is set to have a structure shown in FIGS.
3A-3C. FIGS. 3A-3C are diagrams illustrating the IC chip
unit 3 of FIGS. 1A-1B. Specifically, as shown in FIG. 3A, on
the main surface of the silicon plate 3' of the bare chip, the
integrated circuit portion (IC circuit pattern) 30 and the IC
terminals formed with the crystal connection terminals 31
and the IC electrode terminals 32. The crystal connection
terminals 31 and the IC electrode terminals 32 are formed on
the main surface of the silicon plate 3' in the shape of thin
electrodes (see FIG. 3B). The external terminals 21 of the
crystal unit section 2 and the crystal connection terminals 31
of'the IC chip unit 3 are joined, as shown in FIG. 1B, with the
thin solder layer obtained by the melting of the solder par-
ticles. FIG. 3C is a plan view illustrating the mounting termi-
nals of the present embodiment and showing the bottom
surface (the mounting surface) of the IC chip unit 3. In the
four corners of the bottom surface, the mounting terminals 4
are provided as thin electrodes.

In the present embodiment, since all the IC electrode ter-
minals 32 including the crystal connection terminals 31 of the
IC chip unit 3 are within the gap into which the anisotropic
conductive adhesive 5 is applied, the increase in the thickness
by the joining of the crystal unit section 2 and the IC chip unit
3 is substantially equal to the thickness of the solder layer,
which joins the external terminals 21 of the crystal unit sec-
tion 2 and the crystal connection terminals 31 of the IC chip
unit 3. Hence, the mounting occupation area (the projected
area at the time of mounting: foot print) is equal to one of the
crystal unit section 2 and the IC chip unit 3, which is larger,
and a low profile is realized without any increase in the
mounting occupation area. In the present embodiment, the
crystal unit section 2 and the IC chip unit 3 have the same
projected area, respectively.

[Second Embodiment]

FIGS. 4A-4C are diagrams illustrating the crystal unit sec-
tion of a second embodiment of the surface mount device-
type low-profile oscillator disclosed here. FIG. 4A is its ver-

10

15

20

25

30

35

40

45

50

55

60

65

10

tical cross-sectional view, FIG. 4B is a side view when the
crystal unit section shown in FIG. 4A is seen from the direc-
tion of an arrow “A” and FIG. 4C is a plan view of a bottom
plate showing the arrangement of external terminals. The
present embodiment is the same as in the first embodiment in
that the crystal unit section and the IC chip unit are stacked
vertically but the present embodiment differs from the first
embodiment in the position of the external terminals 21 of the
crystal unit section 2 of the oscillator. The basic configuration
of'the crystal unit section 2 is formed, as in the first embodi-
ment described with reference to FIGS. 2A-2B, with a
stacked member consisting of the crystal unit 20 and the
bottom plate 25 and the 1id plate 2¢ between which the base
portion 2a of the crystal unit 20 is sandwiched. As in the first
embodiment, the crystal unit 20 is also made by forming,
through evaporation or sputtering, the thin-film excitation
electrodes 20a and 205 on the front and back of the oscillation
part (mesa oscillation part) obtained by performing etching
processing on the blank. The excitation electrodes are con-
nected to a pair of external terminals 21 provided on the side
of a long side of the bottom plate 25 with the connection
electrodes 21a and 216 formed between the layers. On the
other two sides of the bottom plate 25 or in the other diagonal
region, an electrode similar to the external terminal 21 is also
formed as a dummy or a crystal unit inspection terminal, and
thus the thickness may be made uniform.

[Third Embodiment]

FIGS. 5A-5C are diagrams illustrating the IC chip unit of a
third embodiment of the surface mount device-type low-pro-
file oscillator disclosed here. In the IC chip unit 3, as shown in
FIG. 5A, on the main surface of the silicon plate of the bare
chip, the integrated circuit portion (IC circuit pattern) 30, the
crystal connection terminals 31 connected to the external
terminals of the crystal unit section and the IC electrode
terminals 32 are formed. The crystal connection terminals 31
are arranged according to the positions of the external termi-
nals of the crystal unit section described above. The crystal
connection terminals 31 and the IC electrode terminals 32 are
formed on the main surface in the shape of thin electrodes (see
FIG. 5B). The external terminals 21 of the crystal unit section
2 shown in FIGS. 4A-4C and the crystal connection terminals
31 of the IC chip unit 3 are joined, as shown in FIG. 1B, with
the thin solder layer obtained by the melting of the solder
particles of the anisotropic conductive adhesive 5, and the
cured thermosetting resin fills the gap formed between both to
achieve mechanical joining FIG. 5C is a plan view illustrating
the mounting terminals of the present embodiment and show-
ing the bottom surface (the mounting surface) of the IC chip
unit 3. In the four corners of the bottom surface, the mounting
terminals 4 are provided as thin electrodes. The IC electrode
terminals 32 and the mounting terminals 4 are connected with
the electrode columns 14 provided in the via holes 13 pen-
etrating the silicon plate 3'.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap into which the
anisotropic conductive adhesive 5 is applied, the increase in
the thickness by the joining of the crystal unit section 2 and
the IC chip unit 3 is substantially equal to the thickness of the
solder layer, which joins the external terminals 21 of the
crystal unit section 2 and the crystal connection terminals 31
of the IC chip unit 3. Hence, the mounting occupation area
(the projected area at the time of mounting: foot print) is equal
to one of the crystal unit section 2 and the IC chip unit 3,
which is larger, and a low profile is realized without any
increase in the mounting occupation area. Likewise, in the
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present embodiment, the crystal unit section 2 and the IC chip
unit 3 have the same projected area.
[Fourth Embodiment]

FIGS. 6 A-6B are diagrams illustrating the crystal unit sec-
tion of a fourth embodiment of the surface mount device-type
low-profile oscillator disclosed here. The present embodi-
ment differs from the other embodiments described above in
the configuration of the oscillation portion of the crystal unit
section 2 of the oscillator. The crystal unit section 2 of the
present embodiment is formed, as shown in FIG. 2A, with a
stacked member consisting of the crystal unit 20 that is the
oscillation portion (oscillation part), the base portion 2a of the
crystal unit 20 and the bottom plate 26 and the lid plate 2¢
between which the base portion (frame) 2a of the crystal unit
20 is sandwiched. The crystal unit 20 is made by forming,
through evaporation or sputtering, the thin-film excitation
electrodes 20a and 205 on the front and back of the oscillation
portion (reverse mesa oscillation portion) obtained by per-
forming etching processing on the center portion of the blank
to form reverse mesa. The excitation electrodes 20a and 205
are connected to a pair of external terminals 21 (for example,
see FIGS. 2A-2B) provided on the bottom plate 25 with the
connection electrodes 21a and 215 formed between the layer
between the base portion 2¢ and the lid plate 2¢ and the layer
between the base portion 2a¢ and the bottom plate 25. The
external terminals 21 are not limited to those shown in FIGS.
2A-2B. The joining to the IC chip unit is the same as in any of
the embodiments described above.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap into which the
anisotropic conductive adhesive 5 is applied, the increase in
the thickness by the joining of the crystal unit section 2 and
the IC chip unit 3 is substantially equal to the thickness of the
solder layer, which joins the external terminals 21 of the
crystal unit section 2 and the crystal connection terminals 31
of the IC chip unit 3. Hence, the mounting occupation area
(the projected area at the time of mounting: foot print) is equal
to one of the crystal unit section 2 and the IC chip unit 3,
which is larger, and a low profile is realized without any
increase in the mounting occupation area. Likewise, in the
present embodiment, the crystal unit section 2 and the IC chip
unit 3 have the same projected area.

[Fifth Embodiment]

FIGS. 7A-7B are diagrams illustrating the crystal unit sec-
tion of a fifth embodiment of the surface mount device-type
low-profile oscillator disclosed here. The present embodi-
ment differs from the fourth embodiment described above in
the configuration of the oscillation portion of the crystal unit
section 2 of the oscillator. The crystal unit section 2 of the
present embodiment is formed, as shown in FIG. 7A, with a
stacked member consisting of the crystal unit 20 that is the
oscillation portion (oscillation part), the base portion 2a of the
crystal unit 20 and the bottom plate 26 and the lid plate 2¢
between which the base portion (frame) 2a of the crystal unit
20 is sandwiched. The crystal unit 20 is made by forming,
through evaporation or sputtering, the thin-film excitation
electrodes 20a and 205 on the front and back of the cantilever
oscillation portion (reverse mesa oscillation portion)
obtained by performing etching processing on the blank to
form reverse mesa. The excitation electrodes 20a and 205 are
connected to a pair of external terminals 21 (as in the first
embodiment, for example, see FIGS. 2A-2B) provided on the
bottom plate 25 with the connection electrodes 21a and 215
formed between the layer between the base portion 2a and the
lid plate 2¢ and the layer between the base portion 2a and the
bottom plate 25. The external terminals 21 are not limited to
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those shown in FIGS. 2A-2B. The joining to the IC chip unit
is the same as in any of the embodiments described above.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap into which the
anisotropic conductive adhesive 5 is applied, the increase in
the thickness by the joining of the crystal unit section 2 and
the IC chip unit 3 is substantially equal to the thickness of the
solder layer, which joins the external terminals 21 of the
crystal unit section 2 and the crystal connection terminals 31
of the IC chip unit 3. Hence, the mounting occupation area
(the projected area at the time of mounting: foot print) is equal
to one of the crystal unit section 2 and the IC chip unit 3,
which is larger, and a low profile is realized without any
increase in the mounting occupation area. Likewise, in the
present embodiment, the crystal unit section 2 and the IC chip
unit 3 have the same projected area.

[Sixth Embodiment]

FIGS. 8A-8C are diagrams illustrating a sixth embodiment
of the surface mount device-type low-profile oscillator dis-
closed herein. The sixth embodiment differs from the other
embodiments described above in the structure of the joint of
the crystal unit section 2 and the IC chip unit 3. FIG. 8A is an
(a-1) bottom view, an (a-2) short-side side view and an (a-3)
long-side side view of the crystal unit section. FIG. 8B is a
(b-1) top view, a (b-2) short-side side view, a (b-3) long-side
side view and a (b-4) bottom view of the IC chip unit. FIG. 8C
is a sectional view showing a state where the crystal unit
section 2 and the IC chip unit 3 are joined together. In FIGS.
8A-8C, symbol 6 represents a high temperature solder such as
a Sn—Ag—Cu system, symbol 61 represents a solder film
and symbol 7 represents a thermosetting resin such as an
epoxy resin. The portions having the same functions as in the
drawings described above are identified with the same sym-
bols.

In the sixth embodiment, the external terminals 21 pro-
vided on the bottom surface of the crystal unit section 2 and
the crystal connection terminals 31 provided on the terminal
formation surface of the IC chip unit 3 are joined with the high
temperature solder 6. As the high temperature solder 6, for
example, a tin (Sn)—silver (Ag)—copper (Cu) system can be
used, and alternatively, the connection is performed with a
known high temperature solder. The high temperature solder
is a solder that has a melting point of 183° C. or more, and is
applied to a device used in a high temperature environment, in
a case where high temperature thermal processing is per-
formed in a manufacturing process or the like.

With respect to the high temperature solder 6, the grained
solder is mixed with a flux, and is arranged on the crystal
connection terminals 31 with a mask printing technology or
the like. Then, the external terminals 21 of the crystal unit
section 2 are overlaid on the crystal connection terminals 31,
the high temperature solder 6 arranged on the crystal connec-
tion terminals 31 is melted and joining is performed between
the external terminals 21 and the crystal connection terminals
31 with the solder film 61.

After the external terminals 21 and the crystal connection
terminals 31 are joined together, the gap between the bottom
surface of the insulation container of the crystal unit section 2
and the formation surface of the crystal connection terminals
of the IC chip unit 3 is filled with a joining agent of the
thermosetting resin 7. As this thermosetting resin, an epoxy
resin is preferably used, however, another thermosetting resin
having similar characteristics may be used.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap filled with the
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adhesive (thermosetting resin) 7, the increase in the thickness
by the joining of the crystal unit section 2 and the IC chip unit
3 is substantially equal to the thickness of the solder film 61,
which joins the external terminals 21 of the crystal unit sec-
tion 2 and the crystal connection terminals 31 of the IC chip
unit 3. Hence, the mounting occupation area (the projected
area at the time of mounting) is equal to one of the crystal unit
section 2 and the IC chip unit 3, which is larger, and a low
profile is realized without any increase in the mounting occu-
pation area. Likewise, in the present embodiment, the crystal
unit section 2 and the IC chip unit 3 have the same projected
area.

[Seventh Embodiment]

FIGS. 9A-9C are diagrams illustrating a seventh embodi-
ment of the surface mount device-type low-profile oscillator
disclosed here. The seventh embodiment differs from the
other embodiments described above in the structure of the
joint of the crystal unit section 2 and the IC chip unit 3. FIG.
9A is an (a-1) bottom view, an (a-2) short-side side view and
an (a-3) long-side side view of the crystal unit section. FIG.
9B is a (b-1) top view, a (b-2) short-side side view, a (b-3)
long-side side view and a (b-4) bottom view of the IC chip
unit. FIG. 9C is a sectional view showing a state where the
crystal unit section 2 and the IC chip unit 3 are joined together.
InFIGS.9A-9C, symbol 8 represents a stud bump and symbol
81 represents a gold-gold joining film. The portions having
the same functions as in the drawings described above are
identified with the same symbols.

In the seventh embodiment, the joining is performed by
gold-gold FCB connection between the gold-plated pads of
the external terminals 21 provided on the bottom surface of
the hermetically sealed insulation container of the crystal unit
section 2 and the gold-wire stud bumps 8 formed on the gold
plating provided on the formation surface of the crystal con-
nection terminals 31 of the IC chip unit 3.

After the external terminals 21 of the crystal unit section 2
and the crystal connection terminals 31 of the IC chip unit are
joined together, the gap between the bottom surface of the
insulation container of the crystal unit section 2 and the for-
mation surface of the crystal connection terminals 31 of the
IC chip unit 3 are filled with the joining agent made of the
thermosetting resin 7. As this thermosetting resin, an epoxy
resin is preferably used, as in the embodiments described
above, however, another resin having similar characteristics
may be used.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap filled with the
thermosetting resin 7, the increase in the thickness by the
joining of the crystal unit section 2 and the IC chip unit 3 is
substantially equal to the thickness of the gold-gold FCB
connection film 81, which joins the external terminals 21 of
the crystal unit section 2 and the crystal connection terminals
31 of the IC chip unit 3. Hence, the mounting occupation area
(the projected area at the time of mounting: foot print) is equal
to one of the crystal unit section 2 and the IC chip unit 3,
which is larger, and a low profile is realized without any
increase in the mounting occupation area. Likewise, in the
present embodiment, the crystal unit section 2 and the IC chip
unit 3 have the same projected area.

[Eighth Embodiment]

FIGS. 10A-10C are diagrams illustrating an eighth
embodiment of the surface mount device-type low-profile
oscillator disclosed here. The eighth embodiment differs
from the other embodiments described above in the structure
of'the joint of the crystal unit section 2 and the IC chip unit 3.
FIG. 10A is an (a-1) bottom view, an (a-2) short-side side
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view and an (a-3) long-side side view of the crystal unit
section. FIG. 10B is a (b-1) top view, a (b-2) short-side side
view, a (b-3) long-side side view and a (b-4) bottom view of
the IC chip unit. FIG. 10C is a sectional view showing a state
where the crystal unit section 2 and the IC chip unit 3 are
joined together. In FIGS. 10A-10C, symbol 9 represents a
solder ball (solder bump) and symbol 91 represents a solder
film. The portions having the same functions as in the draw-
ings described above are identified with the same symbols.

In the eight embodiment, the solder balls 9 are arranged on
the gold plated pads of the external terminals 21 provided on
the bottom surface of the hermetically sealed insulation con-
tainer of the crystal unit section 2 and the gold plating of the
crystal connection terminals 31 provided on the main surface
of'the IC chip unit 3. Both are joined together with the solder
film 91 obtained by melting and curing the solder balls 9. For
the arrangement of the solder balls 9, the same method as in
the fifth embodiment can be used.

After the external terminals 21 of the crystal unit section 2
and the crystal connection terminals 31 of the IC chip unit 3
are joined together, the gap between the bottom surface of the
insulation container of the crystal unit section 2 and the for-
mation surface of the crystal connection terminals of the IC
chip unit 3 are filled with the adhesive made of the thermo-
setting resin 7. As the thermosetting resin, an epoxy resin is
preferably used as in the fifth embodiment, however, another
resin having similar characteristics may be used.

Likewise, in the present embodiment, since all the IC elec-
trode terminals 32 including the crystal connection terminals
31 of the IC chip unit 3 are within the gap filled with the
thermosetting resin 7, the increase in the thickness by the
joining of the crystal unit section 2 and the IC chip unit 3 is
substantially equal to the thickness of the solder film 91,
which joins the external terminals 21 of the crystal unit sec-
tion 2 and the crystal connection terminals 31 of the IC chip
unit 3. Hence, the mounting occupation area (the projected
area at the time of mounting) is equal to one of the crystal unit
section 2 and the IC chip unit 3, which is larger, and a low
profile is realized without any increase in the mounting occu-
pation area. Likewise, in the present embodiment, the crystal
unit section 2 and the IC chip unit 3 have the same projected
area.

[Ninth Embodiment]

FIGS. 11A-11C are diagrams illustrating a ninth embodi-
ment of the surface mount device-type low-profile oscillator
disclosed here. The ninth embodiment is substantially the
same as the seventh embodiment described with reference to
FIGS. 9A-9C in the structure of the joint of the crystal unit
section 2 and the IC chip unit 3 but differs therefrom in the
configuration of an insulation film that fills the gap between
the joining portions of both. FIG. 11A is an (a-1) bottom view,
an (a-2) short-side side view and an (a-3) long-side side view
of'the crystal unit section. FIG. 11B is a (b-1) top view, a (b-2)
short-side side view, a (b-3) long-side side view and a (b-4)
bottom view of the IC chip unit. FIG. 11C is a sectional view
showing a state where the crystal unit section 2 and the IC
chip unit 3 are joined together. In FIGS. 11A-11C, symbol 10
represents the insulation film that an epoxy thermosetting
resin is preferably used as and symbol 81 represents a gold-
gold joining film. The portions having the same functions as
in the drawings described above are identified with the same
symbols.

In the ninth embodiment, the joining is performed by gold-
gold FCB connection between the gold-plated pads of the
external terminals 21 provided on the bottom surface of the
insulation container of the crystal unit section 2 and the stud
bumps 8 formed on the gold plating of the crystal connection
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terminals 31 provided on the connection terminal formation
surface of the IC chip unit 3. The stud bumps 8 are formed
with gold wires.

The insulation film 10 coated to the entire surface except
for the upper surface of the external terminals 21 provided on
the bottom surface of the insulation container of the crystal
unit section 2 is formed to have such a thickness that at the
time of joining to the IC chip unit 3, a sufficient amount filling
the gap with the crystal connection terminals 31 of the IC chip
unit is provided.

At the time of heating processing for melting and joining
the external terminals 21 of the crystal unit section 2 and the
crystal connection terminals 31 of the IC chip unit 3, the
insulation film 10 flows into and fills the gap between both
and is cured. As the insulation film 10, an epoxy resin is
preferably used, however, another resin having similar char-
acteristics may be used.

In the present embodiment, since all the IC electrode ter-
minals 32 including the crystal connection terminals 31 of the
IC chip unit 3 are within the gap filled with the insulation film
10, the increase in the thickness by the joining of the crystal
unit section 2 and the IC chip unit 3 is substantially equal to
the thickness of the gold-gold FCB connection film of the stud
bumps, which joins the external terminals 21 of the crystal
unit section 2 and the crystal connection terminals 31 of the
IC chip unit 3. Hence, the mounting occupation area (the
projected area at the time of mounting) is equal to one of the
crystal unit section 2 and the IC chip unit 3, which is larger,
and a low profile is realized without any increase in the
mounting occupation area. Likewise, in the present embodi-
ment, the crystal unit section 2 and the IC chip unit 3 have the
same projected area.

The insulation film 10 of the ninth embodiment can be
replaced with the filling thermosetting resin 7 in the embodi-
ments described above.

[Tenth Embodiment]

FIG. 12 is a diagram illustrating a tenth embodiment of the
surface mount device-type low-profile oscillator disclosed
here. In the tenth embodiment, the structure of the joint of the
crystal unit section 2 and the IC chip unit 3 is the same as that
in any of the embodiments described above. In the present
embodiment, a case where the projected size of the crystal
unit section 2 on the mounting surface is smaller than that of
the IC chip unit 3 is shown.

In FIG. 12, the crystal connection terminals 31 of the IC
chip unit 3 are made to coincide with the positions of the
external terminals 21 of the crystal unit section 2 and are
provided on the inner side of the IC chip terminal formation
surface. However, as in the embodiments described above,
the crystal connection terminals 31 may be arranged in posi-
tions approaching the edge of the IC terminal formation sur-
face. In this case, it is possible to coat the thermosetting resin
to a part of the crystal connection terminals 31 extending out
from the crystal unit section 2 and use it as the insulation film.
The thermosetting resin is not coated to the part of the crystal
connection terminals 31 extending out from the crystal unit
section 2, and this part can also be utilized as a crystal inspec-
tion terminal.

[Eleventh Embodiment]

FIG. 13 is a diagram illustrating an eleventh embodiment
of the surface mount device-type low-profile oscillator dis-
closed here. In the eleventh embodiment, as in the tenth
embodiment described above, the structure of the joint of the
crystal unit section 2 and the IC chip unit 3 is the same as that
in any of the embodiments described above. In the present
embodiment, a case where the projected size of the IC chip
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unit 3 on the mounting surface is smaller than that of the
crystal unit section 2 is shown.

In FIG. 13, the external terminals 21 of the crystal unit
section 2 extend out from the crystal connection terminals 31
of the IC chip unit 3. This part can be utilized as the crystal
inspection terminal. However, by moving the external termi-
nals 21 inward, the external terminals 21 can be provided in
positions opposite to those of the crystal connection terminals
31 of the IC chip unit 3.

[Other Embodiments]

The other embodiments disclosed here are configured sub-
stantially similarly except that the crystal unit section differs
from the embodiments described above. Specifically, the
crystal unit section used in the surface mount device-type
low-profile oscillator disclosed here can be configured, as
widely known conventionally, by holding the crystal unitas a
container, holding the crystal unit in the concave portion of
the main body container formed with ceramic and hermeti-
cally sealing the concave portion with a metal cover. As the
main body container and the cover, a glass material or a
silicon material can be used. Instead of the crystal unit only,
an oscillator that is obtained by stacking it on the IC chip unit
together with an IDT, a MEMS or the like and joining them is
also included in this disclosure.

The method for stacking and joining the crystal unit section
and the IC chip unit is divided broadly into a method of
mounting, in a state of a wafer before being divided into the
IC bare chip, the individually divided crystal unit section and
thereafter dividing the wafer and a method of stacking the
crystal unit section in the same state of the wafer on the wafer
of'the IC chip unit and dividing them at one time.

FIGS. 14A-14C are schematic diagrams illustrating, in the
illustration of the method for mounting the individually
divided crystal unit section in the state of the wafer before
being divided into the IC bare chip and thereafter stacking and
joining the crystal unit section and the IC chip unit dividing
the wafer, the former process. In FIGS. 14A-14C, symbol 2
represents an individually divided crystal unit section, and
symbol 3A represents an aggregation (wafer) of the bear
chips 3 forming a large number of IC circuits.

FIG. 14 A shows a state where the crystal unit sections 2 are
individually arranged according to the individual IC bear chip
portions of the wafer 3A. FIG. 14B shows a state where the
crystalunit sections 2 are individually arranged and are joined
together as described above. FIG. 14C shows an individual
low-profile oscillator 1 obtained by division with a dicing saw
according to the individual crystal unit sections. This low-
profile oscillator 1 corresponds to that used in the first
embodiment described above.

In the latter process described above, in the state of the
wafer before dividing the crystal unit section 2 individually, it
is placed on the wafer 3A of the IC chip, and both are simul-
taneously divided after the joining. The process in the case
where the other crystal unit sections are used is the same as
what has been described above.

In the present invention, since the external terminals of the
crystal unit section and the connection terminals of the silicon
bare substrate that is the IC chip unit are electrically con-
nected with the anisotropic conductive adhesive (i.e. solder
particle containing thermosetting resin), the high temperature
solder, the gold-gold connection and the like, and both are
joined together mechanically securely, the height (profile)
dimension of stacking is only slightly increased. The aniso-
tropic conductive adhesive is not limited to the solder particle
containing thermosetting resin, and an adhesive obtained by
mixing the metal particles of gold, cupper or the like with the
thermosetting resin can be used. Since the connection is made
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with the electrode columns provided in the via holes penetrat-
ing, in the direction of thickness of the bare chip, the IC
electrode terminal which is present in the integrated circuit
portion of the silicon substrate of the IC chip unit, the IC
electrode terminal of the integrated circuit is prevented from
being extended over the side wall of the silicon substrate, it is
not necessary to connect it to the mounting terminal and the
mounting occupation area of the IC chip unit is prevented
from being increased.

As described above, in the present invention, it is possible
to provide a surface mount device-type low-profile oscillator
that has a low profile, a low mounting occupation area and a
high reliability.

The present invention is not limited to the low-profile crys-
tal oscillator that has been described in the embodiments
discussed above but can be applied to other small electronic
components for surface mounting, using a piezoelectric com-
ponent or a component made by MEMS of a similar structure.

What is claimed is:

1. A surface mount device-type low-profile oscillator in
which a crystal unit section and an IC chip unit are integrally
installed, wherein

the crystal unit section hermetically seals a crystal unit

therein, and includes, on an external surface, an insula-
tion container provided with an external terminal for
acquiring an oscillation output of the crystal unit,
the IC chip unit is a bare chip, and includes, on a surface of
the IC chip unit facing to the external terminal provided
in the crystal unit section, an integrated circuit portion
that forms an oscillator circuit together with the crystal
unit and a crystal unit connection terminal connected to
the external terminal of the crystal unit section; and

the external terminal between a formation surface of the
external terminal provided in the insulation container of
the crystal unit section and the surface of the IC chip unit
facing to the external terminal and a part of the surface of
the IC chip unit facing to the crystal unit connection
terminal are connected through the crystal unit connec-
tion terminal, and

an area formed between the external terminal and a part of

the surface of the IC chip unit not facing to the crystal
unit connection terminal is directly adhered with an
adhesive.

2. The surface mount device-type low-profile oscillator
according to claim 1, wherein

an anisotropic conductive adhesive formed of a solder par-

ticle containing thermosetting resin is interposed in an
area formed between the formation surface of the exter-
nal terminal provided in the insulation container of the
crystal unit section and the one surface of the IC chip
unit, and

the external terminal and the part of the surface of the IC

chip unit facing to the crystal unit connection terminal
are directly joined by melting and curing of the solder
particles, and the external terminal and the part of the
surface of the IC chip unit not facing to the crystal unit
connection terminal are directly adhered by melting and
curing of the thermosetting resin.

3. The surface mount device-type low-profile oscillator
according to claim 1, wherein

the external terminal of the crystal unit section and the part

of'the surface of the IC chip unit facing to the crystal unit
connection terminal of the IC chip unit are directly
joined by melting and curing of a high temperature sol-
der, and the external terminal and the part of the surface
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of the IC chip unit not facing to the crystal unit connec-
tion terminal are directly adhered by melting and curing
of the thermosetting resin.
4. The surface mount device-type low-profile oscillator
according to claim 1, wherein
a gold plated pad is provided on the external terminal
provided in the insulation container of the crystal unit
section, a gold stud bump on gold plating is provided in
the crystal unit connection terminal of the IC chip unit,
the external terminal and the part of the surface of the IC
chip unit facing to the crystal unit connection terminal
are joined by gold-gold flip-chip bonding (FCB) com-
prising the gold plated pad of the external terminal and
the gold stud bump, and the external terminal and the
part of the surface of the IC chip unit not facing to the
crystal unit connection terminal are directly adhered by
melting and curing of the thermosetting resin.
5. The surface mount device-type low-profile oscillator
according to claim 1, wherein
a gold plated pad is provided on the external terminal
provided in the insulation container of the crystal unit
section, a solder bump obtained by placing solder on
gold plating is provided in the crystal unit connection
terminal of the IC chip unit, the external terminal and the
part of the surface ofthe IC chip unit facing to the crystal
unit connection terminal are joined by the gold plated
pad of the external terminal and the solder bump of the
crystal unit connection terminal and the external termi-
nal and the part of the surface of the IC chip unit not
facing to the crystal unit connection terminal are directly
adhered by melting and curing of the thermosetting
resin.
6. The surface mount device-type low-profile oscillator
according to claim 1, wherein
the insulation container of the crystal unit section is com-
prised of a bottom plate, a lid plate and a crystal unit
formation plate sandwiched between the bottom plate
and the lid plate after formation of the crystal unit, and
the external terminal is provided on a bottom surface that is
an opposite surface of the bottom plate to the crystal unit
formation plate.
7. The surface mount device-type low-profile oscillator
according to claim 6, wherein
the bottom plate, the lid plate and the crystal unit formation
plate of the insulation container are comprised of a
blank, and the crystal unit formed on the crystal unit
formation plate is a reverse mesa type obtained by pro-
cessing the blank.
8. The surface mount device-type low-profile oscillator
according to claim 1, wherein
the crystal unit section is comprised of the insulation con-
tainer of ceramic, the crystal unit held within a concave
portion provided in the insulation container and a plate-
shaped metallic lid plate that hermetically seals the con-
cave portion, and the external terminal is provided on a
bottom surface that is an opposite surface of the insula-
tion container to the metallic cover.
9. The surface mount device-type low-profile oscillator
according to claim 1, wherein
the crystal unit section is comprised of a bottom plate of
glass, a crystal unit formation plate obtained by process-
ing a crystal unit part to form a reverse mesa type and a
glass lid plate that is a glass plate which seals the crystal
unit formed on the crystal unit formation plate together
with the bottom plate, and
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the external terminal is provided on a bottom surface that is
an opposite surface of the bottom plate to the glass lid
plate.
10. The surface mount device-type low-profile oscillator
according to claim 1, wherein
the crystal unit section is comprised of a bottom plate of
silicon, a crystal unit formation plate obtained by pro-
cessing a crystal unit part to form a reverse mesa type
and a silicon lid plate that is a silicon plate which seals
the crystal unit formed on the crystal unit formation
plate together with the bottom plate, and
the external terminal is provided on a bottom surface that is
an opposite surface of the insulation body container to
the silicon lid plate.
11. The surface mount device-type low-profile oscillator
according to claim 1, wherein
an integrated circuit portion forming the oscillator circuit
of'the IC chip unit includes a temperature compensation
circuit, a temperature control circuit or a constant tem-
perature mechanism.
12. The surface mount device-type low-profile oscillator
according to claim 1, wherein
an amount of a thermosetting resin filled between the crys-
tal unit section and the IC chip unit is enough to fill a gap
formed the IC chip unit and the crystal unit section at a
time of joining the IC chip unit to the crystal unit section.
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